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tor transformer from the secondary trimmer. In these cases
the following simple check makes it possible to determine
which is the secondary trimmer and which is the primary
trimmer, so that the alignment procedure can be properly
carried out.

Tune in a signal with the AFC switch in the “on” position
and touch a metal screwdriver to each of the trimmers in
turn. In the case of the secondary trimmer there will be a
marked change in the output of the receiver, while there will
be only a relatively small effect in the case of the primary
trimmer. Of course, the metal screwdriver should be used
only for this check, and the final adjustment should be made
with a non-metallic screwdriver.

In the case of trimmers with insulated adjusting screws or
transformers with movable iron cores, the above method will
not work. In these cases the two adjustments must be dis-
tinguished from each other by noting the effect which they
have upon the indicator being used. ‘This in general is not
difficult since the effect of the secondary adjustment is con-
siderably greater than that of the primary.

Alignment Precautions.

By way of summary we have tabulated below a number
of precautions which should be observed in connection with
the alignment of AFC circuits.

1. ‘The receiver should be turned on 15 minutes before it is
aligned, to allow it to reach its normal operating tem-
perature.

2. The alignment of the r-f, oscillator, and i-f amplifiers
must be made in the conventional way with the AFC
switch in the “off” position.

3. The same frequency setting of the signal generator
which is used to align the i-f amplifier, must be used to
align the discriminator.

4. There are generally three adjustments of the secondary
discriminator trimmer which will give the proper indi-
cation. These occur with the trimmer set at maximum
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capacity, at minimum capacity, and at some intermediate
position. 'The last adjustment is the correct one and
can be easily recognized because of the critical control
which it has over the AFC voltage.

5. The oscillator control tube should not be changed once
the alignment has been completed, as a tube having a
different mutual conductance will change the dial cali-
bration. Some sets provide a cathode bias adjustment to
compensate for such variations.

6. Inadequate AFC action and failure of the dial to track
may be due to low mutual conductance of the oscillator
control tube—try another tube.

7. It is desirable that all alignment operations, including
those with the AFC switch in the “off” position, be
made with the line voltage set at a value which cor-
responds to the average line voltage experienced at the
customer’s home. Failure to observe this precaution may
result in poor dial calibration and asymmetrical control.
This is especially important in the case of control circuits
which use a fixed value of bias voltage on the control
tube, rather than a self-biasing arrangement.

Setting up AFC Stations.

Many AFC equipped receivers are provided with automatic
dialing arrangements, one of which is shown in Fig. 96. The

Fig. 96. A typical dial used with an AFC

equipped receiver. Similar dialing arrange-

ments, which differ in certain mechanical
features, are used in many AFC receivers

Courtesy of Fairbanks, Morse & Co.
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purpose of this type of tuning arrangement, which resembles
a telephone dial, is to simplify tuning by substituting rapid
dialing of the station for the otherwise comparatively careful
setting of the tuning control which is necessary in receivers
not equipped with AFC. It goes almost without saying, that
all receivers which have AFC circuits do not have a dialing
arrangement, although the tendency in the newer receivers is
toward the use of an automatic dialing or push-button
arrangement.

As is evident from Fig. 96 only a limited number of sta-
tions can be tuned in through the use of the dial arrange-
ment. It follows, then, that a choice must be made as to
which stations will be selected so that they can be tuned in
through the use of the dial. In general this choice falls upon
the serviceman installing the receiver, who should keep certain
important considerations in mind.

It is a general characteristic of AFC systems, as we had
occasion to point out elsewhere in this book, that the AFC
action is generally more effective in correcting a given error in
tuning in the case of a strong station than in the case of a weak
station. In fact, on very weak signals, the AFC action can-
not be relied upon to correct for errors in tuning to any great
extent and there is always considerable chance of a stronger
signal on an adjacent channel taking control of the oscillator
and preventing the reception of the weaker signal which hap-
pens to be the one that is desired. To avoid this effect, the
stations which are picked out for automatic dialing should all
be strong, preferably local, stations which give good daylight
reception. Weaker stations which do not give consistently
good reception and with signal levels not well above the noise
level should be avoided as choices for automatic dialing.
These weaker stations can of course be tuned in the conven-
tional way, with the AFC on in most cases (see exceptions to
this later), by using the regular tuning knob which is pro-
vided in conjunction with the automatic dialing arrangement.

As a general rule, the number of stops provided is sufficient
so that none of the local stations to which the customer fre-
quently listens will have to be omitted from the automatic
dialing provision. The exact procedure which is to be used
in setting up stations varies considerably for the different
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makes of receivers, and it is beyond the scope of this book to
supply complete information as to the mechanical steps re-
quired in setting up these stations, ‘This material is supplied
in the Rider Manuals which contain the manufacturers’ de-
tailed instructions. We strongly suggest that these instruc-
tions be referred to when working on a particular model for
the first time.

Apart from certain mechanical and electrical features which
are different for different makes of receivers, there are a num-
ber of points which are generally applicable regardless of the
make of receiver which is being set up for AFC dialing.

Before going ahead with the setting up of the stations it is
desirable to check the calibration of the receiver over several
points on the broadcast band, preferably by noting the points
at which the several strong local stations come in. ‘The AFC
switch should be in the off position for this operation and the
dial should check with the known station frequencies to
within five kc—at least in the more expensive receivers. In
lower priced receivers a 10-kc variation is permissible. If the
calibration of the receiver is poor, then the alignment should
be rechecked.

Setting up Stations 10 kc Apart,

Ordinarily it is not advisable to set up stations for auto-
matic dialing which are separated by less than 20 kc since
there is a tendency for the automatic control to jump from
one station to another depending upon the relative strength
of the two stations and the position in which the tuning con-
denser is left after the automatic dialing. However, in some
localities it may happen that there are two faitly strong sta-
tions which the customer wishes to have set up and which
are separated by only 10 kc. In cases of this sort a special
procedure is required.

Where the two stations are of approximately the same
strength, it is advisable to stagger the stations by a few kc
from the position called for by the frequency of the stations.
For example, suppose that the two station frequencies are
810 kc and 820 kc. As Fig. 97 shows, the tuning dial should
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be adjusted so that the 810 kc station is tuned in at 807 ke,
while the 820 kc station is tuned in with the dial reading at
approximately 823 kc. In this way the dial separation be-
tween the two stations is increased from 10 kc to 16 kc and
the likelihood of the control slipping from one station to the
other is correspondingly reduced.

Fig. 97. When setting up two
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It should be observed that there is no distortion introduced
as a result of the mistuning since the AFC action is capable
of correcting for the mistuning of 3 kc in each station. This
mistuning of course takes place only when the station is
tuned automatically and does not occur when the AFC
switch is off and the station is tuned in in the conventional
way.

Where the two stations which are to be set up are not of
the same strength, it is advisable to use a slightly different
procedure. If we suppose that the 810 kc station, to use the
same illustration, is considerably stronger than the 820 kc sta-
tion, then it is advisable to offset the adjustment of the
stronger station, but to set up the weaker station in the usual
manner, As Fig. 98 shows, the 810 kc station should be
staggered 3 kc and therefore set up at 807 kc, while the 820
ke station would be set up at exactly 820 kc.

Again this procedure has as its aim the maximum separa-
tion between the two stations. But, in this case, where one
station is considerably stronger than the other, it is desirable
to offset only the stronger station because the AFC action is
more effective on the stronger station than it is on the weaker
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station. - If the weaker station were offset, there would be
more of a tendency for the AFC to lose control of the weaker
station and possibly, as the receiver adjustments aged, recep-
tion of the weaker station might become distorted.

Performance of Circuit.

In connection with the setting up of stations, it may be of
interest to cite a few facts concerning the performance of |
AFC circuits. The facts which follow are associated with
one particular receiver, but you will find that they are in
great measure applicable to the majority of receivers.

Assuming that a receiver is mistuned by say 3 kc, the AFC
action will bring the receiver into tune so that the i-f signal
deviates by less than 50 cycles from the i-f peak. This is for
an input signal of the order of 1000 microvolts. For weaker
signals the degree of control is correspondingly smaller and
similarly for stronger signals the deviation from the correct
value is even less than 50 cycles. For example, at 100 mi-
crovolts input, the number of cycles off resonance is approxi-
mately 400 cycles, while above 1000 microvolts the degree of
mistuning is approximately constant at 40 cycles.

For greater amounts of mistuning, the deviation of the i-f
signal carrier from the correct value is proportional to the
degree of mistuning. Thus, for 6 kc away from resonance,
the deviation of the carrier is 80 cycles whereas it was 40
cycles for 2 mistuning of 3 kc. Similarly, for a mistuning of
9 kc the tuning is corrected to within approximately 120
cycles.

As we mentioned in the opening chapter of this book, it
should be kept in mind that AFC overcomes the undesirable
effects of inaccurate tuning only insofar as the i-f amplifier
is concerned. The r-f and detector tuned circuits are not
automatically corrected and for this reason it is important
that errors in manual tuning be kept to a2 minimum. There-
fore, when the error in tuning is as high as 8 or 10 ke, then
even though the AFC action is effective in correcting the
oscillator frequency, the asymmetry and mistuning of the r-f
circuits may be sufficiently great so that serious distortion is
introduced.
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amined to determine the defective condition. The usual
causes of such a condition are abnormally high values of screen
and plate voltage and insufficient bias on the control tube.

Hum.

The arrangement of the circuit in an AFC-equipped re-
ceiver is such that even small fluctuations in the voltages sup-
plying the oscillator control tube will affect the output to an
appreciable extent. Insofar as this influences the alignment of
the receiver, we have previously seen that it is advisable to
carry out alignment operations with the line voltage set at a
value corresponding to the voltage encountered where the
receiver is to be used. Apart from this consideration, the
fact that a variation in the plate, screen, or bias voltage of
the control tube makes itself effective as a change in the fre-
quency of the oscillator, results in the necessity for careful
and unusually complete filtering of the voltage supply for
the control tube.

An abnormal amount of hum in the output of an AFC-
equipped receiver which is present only on the bands where
the AFC system is operative should at once call for an in-
spection of the AFC circuit. Common causes of such a hum
effect are an open filter condenser, decrease in the capacity of
one or more of the electrolytic filter condensers, or cathode-
heater leakage. The mechanism by means of which this hum
is produced is as follows: The hum voltage present on one or
more electrodes of the oscillator control tube varies the fre-
quency of the oscillator at the hum frequency and conse-
quently this is reflected as a periodic change in the frequency
of the signal passing through the i-f amplifier; as a result of
the selectivity of the i-f amplifier, this finally reaches the out-
put in the form of a hum voltage which is reproduced by the
speaker.

In some cases the hum may have its source in the discrimi-
nator rather than in the voltage circuit. A common cause for
this trouble is leakage between the heater and the ungrounded
cathode of the 6Hé6 discriminator tube. As a general rule,
the large filter condenser which bypasses this point to ground
(see C1 in Fig. 45) is effective in preventing any hum voltage
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from being introduced into the AFC control voltage from
this source. However, if this condenser should open up, the
result will be the introduction of considerable hum into the
AFC control voltage supply. The resulting hum would of
course be present only when the AFC switch is on.

Time Constant.

The relative time delays or time constants of the AFC and
the AVC circuits have an important effect upon the overall
operation of the receiver. Before we consider this question,
however, let us explain briefly what is meant by the time
constant of a circuit. In general, 2 time constant is a measure
of the delay taking place before a voltage which is impressed
or changed at one point in the circuit becomes effective at
another point. In the case of an AFC circuit, the time con-
stant is 2 measure of the amount of time it takes for a change
in the voltage developed at the discriminator to reach the grid
of the oscillator control tube. In the case of an AVC circuit,
the time constant is similarly a measure of the amount of
time required for a change in the voltage output of the AVC
rectifier to reach the grids of the controlled tubes. In both
these cases, and in general, it can be stated that the greater
the amount of series resistance and shunt capacity in the net-
work, the greater is the time constant of the circuit. ‘This is
explained in detail in “An Hour A Day with Rider on AVC.”

It is general practice to design AFC-equipped receivers so
that the time constant of the AFC circuit is greater than that
of the AVC circuit. If, however, one of the condensers in
the AFC feed line opens up for some reason or other, the
time constant of the AFC circuit is decreased below its nor-
mal value. As a result, when tuning from a weak signal to
a strong signal, the AFC circuit rapidly corrects the frequency
of the oscillator so as to bring a signal into the center of the
i-f amplifier band-pass before the AVC circuit has had a
chance to cut down the gain of the receiver from its previous
high value corresponding to a weak or zero signal input.
Since the receiver is still in a highly sensitive condition, there
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is a momentary blast of volume before a steady operating con-
dition is reached. (Some of the newer AFC sets use a relatively
narrow control and rely on the “momentary blast” to
make the presence of AFC noticeable to the customer. In
these cases, the AFC time constant is purposely made some-
what less than that of the AVC circuit.) »

Under normal conditions, where the AFC time constant is
greater than the AVC time constant, this action which has
just been described is avoided. ‘This follows because the AVC
system is effective in cutting down the gain before the AFC
circuit changes the oscillator frequency so as to correct the
tuning. In practice, the AFC time constant is not made too
large since this would make it impossible for the system to
correct for rapid fluctuations in the oscillator frequency such
as might be brought about by fluctuations in the line voltage.

Secondary Trimmer.

The importance of the secondary trimmer in determining
the operation of the AFC circuit has already been mentioned.
In some few cases the secondary trimmer of the discriminator
transformer may require frequent adjustment. As a general
rule the adjustment of this trimmer should be checked when-
ever throwing the AFC switch “on” introduces hiss and
distortion into the output.

There are 2 number of different arrangements used to at-
tain stability and permanence of adjustment of this ttimmer.
In some receivers a fixed air condenser is used in parallel with
a variable air trimmer. In other receivers a small compression
type mica condenser is used in parallel with a fixed mica con-
.denser, the latter of which is specially treated so as to show a
minimum fluctuation with respect to aging, temperature, and
humidity changes. In still other receivers, a single trimmer
is used which is similar to the trimmers used in the other i-f
transformers. In general, the latter type of trimmer is more
likely to call for frequent readjustment, and in cases where
the discriminator constantly requires readjustment, the entire
transformer should be replaced with an improved assembly.
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Loss of Signal Control.

One of the complaints which is frequently made by lay-
men using AFC-equipped receivers is that a receiver will often
be reproducing a program with perfect fidelity when for no
apparent reason the signal disappears and is succeeded by in-
terstation noise. ‘To understand why this happens, it is neces-
sary to consider the action taking place as the receiver is
tuned from a point where no signal is present to a signal
channel. Assuming that the frequency of the signal to which
the receiver is being tuned is 1000 kc, let us trace the varia-
tion in the output, as the carrier is approached from the low
frequency side. As Fig. 99 shows, the AFC circuit takes con-

re.05 Figs. 99, 100, and 101. When a 1000-
kc station is tuned in from either the
T R T low-frequency side (Fig. 99) or the
high-frequency side (Fig. 100) the AFC
circuit takes control 10 kc below or
above 1000 kc and maintains control
until approximately 14 kc on the other
side of the carrier frequency. 'The
shaded area indicates the region of un-
stable control. TFig. 101 is a combina-
tion of Figs. 99 and 100. Arrows
indicate the direction in which the set
is tuned

STATION
FREQUENCY

6 990 1000 7010 10i4
% % ra xC kG

trol at 990 kc and keeps the output substantially flat until
1014 kc at which point the AFC circuit loses control and the
output drops rapidly to zero. Now the following peculiar
effect takes place as the receiver is tuned back from 1014 kc
towards 1000 kc: the AFC circuit does not take control so as
to restore the signal until 1010 kc is reached.

The significance of this is that whenever a receiver is tuned
within the shaded area, it is in an unstable condition. ‘Thus,
if the signal intensity should decrease slightly, perhaps because
of fading, the signal would be lost, and furthermore, it would
not return after the fading. In some cases, a sudden drop in
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line voltage may cut down the AFC action sufficiently so that
the station is completely lost and does not return when the
line voltage rises again.

If the receiver is not equipped with a noise suppression cir-
cuit, this loss of signal control is followed directly by an ob-
jectionable amount of noise, the intensity of which depends
upon the sensitivity of the receiver and the noisiness of the
location.

To avoid this type of complaint, the set operator should be
instructed to tune in the desired station with a reasonable
amount of care so as to avoid setting the tuning control so
that the receiver is operating on the outer edge of the control
band—that is, within the shaded areas in the figures.

Careless tuning is especially detrimental and productive of
this effect on the short-wave bands where fluctuations in the
oscillator frequency and fading are much more common. If
a reasonable amount of care is exercised in the initial setting
of the tuning control, the AFC system will be better able to
compensate for the usual fluctuations in the oscillator fre-
quency. However, if the tuning is very far off to begin with,
it will often happen that a slight additional change will cause
the AFC circuit to lose control as explained above.

For simplicity, only one half of this action was shown in .
connection with Fig. 99. Actually, however, the same effect
occurs when the receiver is detuned below resonance, as is
shown in Fig. 100. Here again, the AFC action keeps con-
trol until the receiver is detuned 14 kc below resonance; but
once control is lost, the receiver must be retuned to at least
within 10 kc of the carrier (990 kc) until control is regained.
The resultant action which is a combination of Figs. 99 and
100 is shown in Fig. 101. Here again, the shaded areas indi-
cate the regions where the AFC control is unstable.

Motorboating.

In addition to its other effects, (hum, change in calibration,
etc.) the susceptibility of the oscillator control tube to
changes in electrode voltages is sometimes the cause of motor-
boating. As a general rule, this will sometimes occur when
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a strong signal is being received at full volume with the AFC
switch in the off position.

To understand how this motorboating comes about, it is
necessary to correlate the following facts: (1) the voltage
output of the power supply varies in accordance with the
audio output, decreasing for larger values of audio output be-
cause of the increased current drain; and (2) a change in the
voltage output of the power supply changes the oscillator
frequency because it affects the gain (mutual conductance)
of the oscillator control tube. When a strong signal is being
received, there is thus a sort of feedback between the audio
output and the oscillator control tube through the power
supply, in that a fluctuation in the audio output will cause the
power supply output voltage to change, which in turn changes
the oscillator frequency. The change in the oscillator fre-
quency in turn changes the audio output so that the feedback
path is complete and the possibility of motorboating exists.

You will not often run up against this problem because
AFC-equipped receivers are designed so as to minimize this
effect. In a number of receivers the oscillator control tube
and the power output tubes are fed from different parts of
the power supply, in this way keeping the oscillator control
tube voltage more or less independent of changes in the cur-
rent drawn by the output tubes.

In at least one make of receiver (see Fig. 71) the voltages
for the control tube are obtained through an entirely separate
and distinct filter system which is connected to the filament
winding of the high voltage rectifier. This circuit arrange-
ment is expressly designed to minimize the possibility of mo-
torboating as a result of feedback through the power supply.

Dial Switch.

In connection with the effect just described, it should be
mentioned that most receivers equipped with AFC and an
automatic or semi-automatic tuning mechanism have two
separate AFC switches. One of these is the usual manual
switch which makes possible the choice of regular or AFC
operation. The second AFC switch is generally mounted on the
automatic tuning assembly and makes contact momentarily
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just as the tuning condenser comes to rest, so as to short the
AFC control voltage. ‘The need for this arrangement can be
understood from a study of Fig. 101 in which it is made clear
that the AFC action tends to keep the receiver tuned in on
a channel even though the condenser setting may be off by
more than 10 ke. It follows that as the tuning condenser
passes through a signal channel just before coming to rest,
this strong signal would tend to keep control and prevent the
reception of a weaker signal on the channel to which the re-
ceiver is tuned. By shorting the AFC voltage momentarily,
this control is lost and it becomes possible to receive the de-
sired station. Incidentally, cases have been reported where
insufficient clearance in the contacts of this switch has shorted
out the AFC action completely; where this complaint occurs,
check the contacts and if necessary increase the clearance by
dressing the points.

Aligning with the Rider Chanalyst.

Complicated AFC discriminator circuits may be rapidly and
accurately aligned with the Electronic Voltmeter in the Rider
Chanalyst.
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Fig. 102.

A typical AFC discriminator circuit is shown in Fig. 102.
To align, proceed as follows:

1. With the AFC switch off, tune the receiver to a strong
broadcast signal. (Or connect the signal generator to
the mixer grid and feed a strong signal at the intermedi-
ate frequency to this grid.)

2. Turn on the AFC switch.

3. Connect the Chanalyst Ground clip to ground.

4. Place the Voltmeter probe on (2).
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5. Adjust the trimmer condenser on the primary of the dis-
criminator transformer until 2 maximum voltage is indi-
cated at (2). (This is done to make certain that the
AFC system is operative.)

6. Place the Voltmeter probe on (3).

7. Adjust the discriminator transformer secondary trimmer
until the voltage reading at (3) is zero. The AFC cir-
cuit is now properly aligned.

In some AFC circuits, such as that shown in Fig. 67, (1) is
not at ground potential, but is connected through a resistor to
a point negative with respect to ground. In such circuits,
proper alignment is achieved when the voltage at each cathode
of the discriminator tube is the same. ‘This voltage will not be
zero. Such circuits are checked by placing the Voltmeter
probe at points corresponding to (1) and (3) and adjusting
the discriminator transformer secondary trimmer until the
voltage at (1) equals that at (3). The circuit is then prop-
erly aligned.





